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^ POWER TRANSFORMER TRANSFER FUNCT 



ION TESTING 
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0(57) Abstract: The invention comprises a system ( 10) and method fnr r., • . 
across one or more frequency bands to detect change^in phj^^^^^^^^^^ T''^^ (TFA) of a transformer (20) 

S 'P**^^ a select number of measurement, .r A^'irZ:^^"' transtormer. The process of 

measurement mav be 

^ system may be configured which is field portable and rul^H ^ ^"""""^y "^"d- Using standard coni,x,nen« , 



1 ponable and rugged. 
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Power Transformer Transfer Function Testing 

TECHNICAL FIELD 
BACKGROUND 

o„d,«„„ of p„we,a„dd.*,B*„appa«.. Specie.,.,. W„^^^^„^^ 
-™.). Th. c„.„,. „ode, charae^n-^ a ««.,fo„^a ^^^^ 

M, of to e,„,p„«. 1^ <„„^^ ^ 

T«« have b»n perfen^^ ta to pas, ustag „,attveiy e:^..,ve gea«l 
P<"P<«labo«™y.,„ip™:^ ^^p^^,,^^^ 

■"»«™»««s. IB COS. and fi^ ^ i, ^ „ ^ ^ ^ 

SUMMARY 

In one aspect, the invention orovides a <!vcfi.f« ft. 
. . X. proviaes a system for measuring the transfer function 
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.ra„sfon„er fto« signal The ^ ^ s.lf<„„Bi«d ta a field ponabl. and 

^X^^Mea.™. a„ displaced ^..^.p^^^^^^^^T^ 

~g devoe. applying a aigna. ft„„ d,o 

<™sfcm,«. «,d measuring fte voluge output fi^ d,e transtaerby *. Voftage 
measu^g device. In «,o«»r aspeo^ „easu« .„ <„3^' 
M^oea. Me,s»en,««s are taken a, discete frequencies evenly spaced over a „„n,b., 

"Tas^""'"'"^™'^''"'"^^'^— ^"^^'-voltage. 

s.gnalgener..e,c«nnec,».totl„inp„t„fat™sfc„n„.and.v„lt.ge™easuH„g 
.«..ce co^ected to the o«pu. ofthe t^nafi^er, to pe*™ , series of „e,su Jents of 

ir^t ~ ""^"'^ ^"anotHeraspec nteast^nents ateC 
a. selected discrete ftequencies. In stiil .„«her «^ n,e,s„,eme«s are talcen a. discrete 
fte,ue„c.ea evenly spaced overan.^herof.^k,.^^^,^^,^^^^'''' 

our h™ red discrete ftequenciesfcr each b,nd.re,,sed.Measur.n,en.sa,ed^^ 
a graph plotting ftequency against voltage. <"SPlayed,», 

^^e„r.„reasp.c.so,d,el„ve.U„n„ayinCudeoneorn.<^of,he ..Lowing 

Measurements may be taken with a field portable instrument custom assembled 

-.pjogr^nmedtodothiaspeciOctask Using standard components inafTcir^ 
n^gedtzed «.closu„ reaults In an h«mme„t which ia far le. expeoaive and more 

-.«a«.,educes.he..me(comparedtocon«„uouss„eepn.easu«).oco„d„ca 

The details of one or mo„ embodiments of the invention a,, set forth in the 
«ccomp«,y,„g d„™n8s and the description below. Other futures, objects, and 
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DESCRIPTIONOPDRAVWtNGS 

FIG. 1 is a block diagram. 
10 FIO. 2 Is a flow Chan. 

Like KS^ q^bob tatte various drawings like . 

DETAILED DESCRIPTION 
*"«P'*«^'»«tod uses a .^^ork analyser or sinaia,i„s,„«^ 

^-^--P--. Shift o,«« si,^ „,p3sstag ttrou^ ^ „ 

AOOTuaaon = 20»lO8( V^J for all ftequ^ 

"!>«» V„ is Ihe vohage and is Ihe inpm »„|tegc 
i. d» ""-to «»c«™, Of a «„s W over «„,e can i„di^ 

m the mechanical condition of the device. ™anges 

Refening .„ Flo 1. a transfer iuncdo. andyser CIFA) 10 includes a signal 
.en^ator ^2^. voltage .ea^tring device 14 ,„ re«. th^oitag, a, .he of 
«».ransft,nner20tobetes,ed. A s«„nd voltage nteasnring device 16 is protll ^ 
^r,''";-^ •''■^''^ .^atanit^tSOCthe::^ 

^uZ^e T. voltage-neasn:: 
*v.c« 14 and 16 and the srgna, gcnetator 12. di^ta, con,pnh=, 22 has a dispTj* 

«^a»eyhoa,d26f„r..erh.p„..Xhereis,ls„apo»er,„ppl,28provldi,«p;:^^^^ 
^con^^r 22 and peripheral devices 24, 12. U. and 16. A coaxial test llT 

~ " ^ '™ » '"P". 30 and the shieM JLo. 
38. SnntM,, a second coaxial test iead 34 is connected to the seco«, vohage 

devtce 16 and the transformer 20 inpn. 30 and the Shield to gronL 40 
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a Ul=ewi»,a*«ooaxW,cs,lead 36 i. connect,, „ a.. i^^fa^A^ 

™g device 14 „«p„ , 8 Of a. ao being »«e.. 1 

shield to ground 42. 

'^^1»=»'ag,d«*=e44isp„vid«iR,«™.a„^„,^^„ 

^fer Of ^« „ ^ (no. -o™,. -n-e buuc .„„ge device 44 ^ 

10 be a diskette, a tape or other similar device. 

Signal conditiomx.g (not shown) may be provided as necessaty to improve the 
dynamic range of the measm-ements. 

sigmi g^era^r 12 and volBge me.^ devices 14 ..rf ,6 p^„^ 

^«e„f„pe.„o.wi«^,^g„3,deg,adato.overaf,e^^^,H.«,lo 
s>gm. general 12 preferably i, able « »wly «imm» « te« 10 VolB 

pe* » peat over dB specified ha»iwida, „l.ile maimai^ cun«. ,<«rf 

■"<»««*'«ta=ot.a«e„ovolage.„eas,^ie,ic«14a=dl6a..capabl. 
of mea^rmg signals of ampliwdes down to o>i«m 85 dB wifl. .« aconrac, +/. i ffi 

» ^>----^=-»y«na-g5dB„iUio.p,„ve«.ana,ysis. Ade^.,.^^ 

P^ taque^ are needed .„ „^ signa, » noise r^ (ancb a, usi., bandpaT 
a«™g and averaging tecbniques) to ensnn, a quality measnrement 

All t«« leads 32, 34 and 36 should have die same input in^ance as the 

. "^^'"^ -■''^ •» ^-i'- ^'-^'e 

K«le«ls and connectors are 50 ohm characteristic intpedance cable R0213/U 

UHF ™b ^ N connectors and cable type R058/CU with type BNC connectors using 
Ns^^to BNC^Upters. The test leads 32.34 and 36 preferably are long enough to 

-*«»busi>.^(60<,).„i,l.thet.a.e,uip,nenta.groundleve,. The ,e^ should be 
30 tne same lengths. 
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The test equipment should be .dequMdy erauided. 

Refemug » ™ 2. » blodc diagram .howiug fl„ TPA process is to „„e 

embodunem. U» coufiguradoa is se. .p 50 by eom>ecfl,g d» leads «, to TFA 
10 -^•^'-"^om.er^be.es^d.Uuderco.^loftoo.^.u.easu.^n^^ 

a. a oumber of discrete 6e^ b^ds. 11. te, ba«d is silec.«.-52, ..d «.en 
d™ded54,u,oadesired,.c.»bero,eve,,.ysp.^di.ere,eft.,«^ 

The stgml ,s applied atrf nteastuemen, of a,e ott^uttate, 55. A .nuuber of 
-n«™««n.s tnay be accumulated, as discuss«I above. ,o iucreas. sig,,., ,„ noise 

mo I, aU fie„,«.ies iu the baud have not heeu tested 56 ««. a.e i, 
sdected 58 and the test continues by applying the uex, frequettcy and n^uuriu^ 
"«*». 55. If all frequencies in d>e band have be«, tested 56 th«, a d««nunaa„u 60 is 
~le Whether all bands have been tested. If nc«. the next fre^ b^ ^ ^ 
'^'^P'-e^^-ntinues 54 by dividtag the new band i«o the desire, nuofl^r of 

dtscrete poi^s. Ifall bands and frequencies have been tested, dten the measuren-eas 
^^stored 64 and to results rnay be shown on a. display ta a frequency «. votoge 

I*ase inibra..,i™,n,ay be obtained by appropriate tuning of dte m.asure,,««s 
^'>'"™«"^''»»««'«>"=l»re data (ion. tests carried out a. dilfeten, 
. '™« '»'<™»«>"ne,. between diffe,«« phases and tap Winding posidons of a 
•nuisfonner. and fton. different transfcnners. Different tests n«y be overlaid for 

co..,»nsan. 11. results of tests otay be exported to any of a variety of eontputcr 
progr«ns such as spie«lslieets. daabase progrants and so forth. 

The test setup and software is preferably recomed such dtat repeat 
"«3™»e«s and measurements on shnihtr transformers are done u, to same way 
B^r. measu,em«„s are made on to equipment to be tested, to correct operaUon of 
to measuring system, must be verified and demonstrated by comrecting all test leads 
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together and oxeasuru^ fre<^ency responses Without the equipm^^^ 
testc^cuit. Then,easuredfrequencyresponsesforthis^tupshouldbeflat(OdB)to 
within ± 1 dB up to 10 MHz. The fi:equency response for flus setup ^^^^ 
recorded along with the subsequent measurements made on the equ^„.ent to be tested 
A nuU stimulus measurement should also be performed in multiple locations of 
anenergtzedMghvoltagesubstationtoascertamtheexpectedinterfer^ This 
test may be performed by measuring aU three damps com««^ together 
lymg flat and straight, parallel to the high voltage lines. From this measurement 
degraded dynamic range will be calculated. 

The transformer to be tested is discommed from the associated electrical 
systematallterminals. The transformer to be tested is otherwise in its normal service 
condition. i.e. fully assembled and fiUed with oU. Preferably the transformer core 
shouldbe free of residual magnetism, as residualmagnetismi^^^ 
at low frequencies. If the residual magnetism is extreme, it may be necessary to 

the core prior to FRAtestmg. Direct current te^s may cause residual 
> -^^''^^ceFRAtestsshouldbeperfoxmedpriortoanydirectcurxenttests 

Wmdmgs not under test whose terminals are available should be comiected in a 
predetermined arrangement and this arrangement noted with the test data. If a winding 
is not brought out and internally earned this should be noted with the test data 
Termmals that are normally grounded in service will be grounded during testing (i e 
normally grounded wye-winding neutrals) 

The test involves applying sinusoidal test signals to one terminal of tire 
transformer under test and measuring tiris appUed Signal as weU as the sig^ 
at another termmal. Signals ar. appUed and measured with respect to earth The 
amplitudes and phases of the two signals are measured to determine the relative 
amplitude and phase shift changes between them. The basic measurement is of tire 
atterruation and phase shift of a signal after having passed tirrough the winding from tire 
mput to tire ou^ut terminal . The measurements are made across designed bushings of 
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5 the transfonner under test. This is achieved by applying test leads to bushing 
terminals. 

The tests mvolve a series of measurements over a range of frequencies for each 
position of the test leads. The test leads are appUed to each phase in turn. Tests are 
earned out on several arbitrary taps. It has been found that the entire range of 
10 frequencies need not be measured to obtain good results. In one implementation the 
ampUtude change and phase shifts are measured over five frequency bands and at 400 
equally spaced frequencies within each band. Tb^ ftequency bands are as foUows: 

10 Hz to 2kHz 

50Hz to 20kHz 
15 500Hz to 200kHz 

5kHz to 2MHz 

25kHz to lOMHz 

Other frequency bands may be used. Experience to date suggests different 
frequency bands have different sensitivity to different mechanical deformation modes 
!0 2 kHz scan is sensitive to core defomiations. open circuits, shorted turns and 

residual magnetism. 

20 kHz scan is sensitive mainly to bulk movement of windings relative to each 

other. 

200 kHz and 10 MHz scans are sensitive mainly to deformation within windings 
5 Above 2 MHz is highly influenced by the lead geometries during test. Lead 

placement must be carefully controlled during subsequent tests for this high frequency 
band to be of use. On smaller distribution transformers, these higher frequencies are 
especially sensitive to winding movemoit. 

Transformers may be single or three phase and consist of one to several 
. wmdings wid, some windings Mying course and fme tapped sections. The windings 
may be connected in one of several configurations and neutrals of windings normally 
grounded m service connected to ground. 
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5 The phases Of Windings not under test are left floating. The neutrals of 

windings nonnally grounded under test are grounded. lUe one exception is when 

measuring across same Side Windings of a wye-connected windi^g. In order to perfonn 
this test, the neutral must be ungrounded. 

Some transfonners contain stabilizing, or internal delta windings not common to 
10 most transfonners. It is possible to conduct a test on tiiese windings. Tb^ test 

connection should be recorded for future test ccnnparison. If the ^former under test 

has a stabilizing winding (normally delta connected), this can also be tested The 
testmg procedure wiU depend on what terminals are available. Similar considerations to 
the above apply to any windings which may have been instaUed by the transformer 
15 manufacturer for test purposes. Usually in such cases the test winding is not brought 
out to accessible terminals and is inter^y earthed. The existence of a test winding 
may or may not be identified on die transfonner rating plate. 

An electrostatic screen wiU have an effect on die responses of adjacent 
wmdmgs. Thescreenmaybeinten^ycomiectedtooneofd.ewindings(usuaUyat 
20 ^"-tralend)oracom.ctionmaybebroughtoutofthetankforearthingex,«™ally 
Where a separate electrostatic screen is provided it is recommended that this is earthed' 
to the tank, since this wiU tend to remove any electrostatic interaction between the 
wmdings separated by it, and thereby reduce ti.e influence of other windings on 
measured fiequency responses. The presence of electrostatic screens and the way in 
2S Which these are temunated Should be recorded. 

The test lead shields at the test equipmem end of the leads should be comiected 
viaa^miectorstothetestequipmentframeandgroundlead. The test equipment should 
be adequately grounded. Grounding of the eanh leads wiU be ultimately achieved by 
connecting a ground lead from the chassis to ground. Ensure connections to tiie 

^ «l^--tundertestandtoeanharesecureandoflowimpedance.Checlccontinuityof 
test cables and cable sheaths. 
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16 



The resale aieaoredaodnade available iadcctrojicfoni, F^eacl, 

- oa.e, ^. re.,.. <a, co^.o, be»ee„ ^ ^ ^ 

comparison to otter similar types of ttamfoimers. 

A „um6« of entbodl^ent, „f ^^^^ ^ Nevatheless' it „U1 

b.«,«.e,«o„dtl.,v.rio„sm„difica«„n.ma,be,„«,e„ithout<ieparti.,,ta.^Z^^ 
-dsc„peof*ei,,.e„t.on.P„_,,,,„_^„^^^; '^^^ 

embodiments m, witltin the scope of the fcllo»i„g cbims. 
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6 WHAT IS CLAIMED Bi 

1. AsysttrnforteaingtrMisfimnerecoinprising; 

a computer h^tag a teyboa,.. a d^ay. s«..^ aa. 

and se^oad v„,«„ „eas„ri„, ^ ^ 

^*«c»p«.,a.aeac..av>a,a.i.p«,„^„„^,^^^^^ 

a coaxia, oab,. having a fl,a. g,„„„d c,^««o. a.^ ,^ ^ 
»o™«.,heoa*«„f«,eaia.a,ge.^,,.„i.p„„,„,,^^^^_^^ 

""ial-bte having a saco«lg,„„„d«,„«,^^.^^ 

.oc„n„«,hei„p„.„f„„a,ec«cai,».,6»„,e,„«,.„,^„„„,^'"°*' 

measuring device; and 

athirdcoaxialcabiehavingathini ground co^ectic^andathin,,^^ 
anoutputof^ee.ect.ca,.a„sfo™ertotheatleasto„evo,tage„^^^ 

Luri!!7""°'''"™ ' the signa. generator and the voltage 

measuring devices are installed into a portable enclosure. 



3. 



A method of testing a transfomer comprising: 

providing -o-Puter.aremovabledatastoragesystem.asignal generator a 
display and a first and a second voltage measuring device; 

electrically connecting an output of the signal generator to an input of a 
transformer to be tested: 
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electrically connectingthe input of the transformer to an input of the first 
voltage measuring device; 

electrically connecting an output of the transformer to an input of the second 
voltage measuring device; 

applying a signal ftom the signal generator under the control of the computer 
to the input of the transformer at apluralify of frequencies; and 
measuring the ou^ut voltage of the transformer at each of the plurality of 
frequencies of the signal applied to the transformer. 



The method of claim 3 wherein the compute, removable storage device, voltage 
measuring devices and signal generator are installed in a portable enclosure. 



5. Th«™«thodofclaim3whereinthepluralityoffiequenciescomprisedisc«te 
bands. 



6. 



7. 



n.e method of claim 5 wherein the plurality of frequencies within each band are 
evaily spaced across each band. 

The method of claim 6 wherein each band comprises 400 discrete frequencies. 



8. J^«™«thodofclaim 5 Wherein the bands comprise the frequency ranges of 10 Hz 
to 2kHz. 50Hz to 20kHz. 500Hz to 200kHz. 5kHz to 2MHz and 25kHz tolO MHz. 

9. Acomputerprogramproductstoredonacomputerreadablemedium.comprismg 
instructions to cause a computer to: 
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and „h.cb „„,„ i. conn.c»b.e «, „ i„p« of. . 

output; 

read the measu^d voltage fiom a fim voltage measuring device connected to 
the computer and comiectable to the transformer ou^ut; 

read the measured voltage from a second voltage measuring device connected 
to the computer and comiectable to the input of the transformen 

take measurements of the output and input at a plurality of frequencies applied 
to the mput; and pp'icu 

store the measurements. 



10. 



The computer program product of claim 9 wherein the plurality of frequencies 
comprise discrete bands. 



11. IKe computer program product of claim 9 wherein the plurality of frequencies 
20 Within each band are evenly spaced across each band. 



12. The computer program product of claim 1 1 wherein each band comprises 400 
aiscrete frequencies. 



25 



13. The comp«.rp,.g,a,„ ,„ ^ 
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